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Background: Aging is associated with the loss of muscle strength and difﬁculties in functional activities.
The aim of this study was to investigate the changes of muscle strength and functional activities during
aging in male and female individuals.
Methods: This study was a cross-sectional study recruiting healthy individuals aged 40e89 years. The
muscle strength of bilateral hip ﬂexors, knee extensors, and ankle plantar ﬂexors were measured. Ac-
tivities including functional reach test, timed up and go test, and alternating stair stepping were also
measured.
Results: A total of 373 male and 371 female individuals participated in this study. The muscle strength of
hip ﬂexors and knee extensors were all signiﬁcantly decreased after age 80 years as compared with the
age group of 40e49 years in both male and female groups. The abilities of functional reach and timed up
and go task were signiﬁcantly decreased after age 70 years in the male group and decreased after age 60
years in the female group as compared with the age group of 40e49 years.
Conclusion: We noted that the muscle strength and functional activities were decreased earlier in female
than male individuals. The decrease of functional activities during the aging process seems to be earlier
than the decrease of muscle strength. It is important to implement functional activities training in
addition to strengthening exercise to maintain functional levels of the geriatric population.
Copyright © 2014, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
Muscle strength and functional activity have been shown to
decline during the aging process1. The degeneration of muscle
strength with aging is due to the overall decrease in muscle mass,
especially the type II muscle ﬁbers2. A previous study indicated that
muscle weakness of the lower extremity is a statistically signiﬁcant
and clinically important risk factor of falls3. Furthermore, the
muscle strengths of the lower extremity are more affected by aging
than the upper extremity due to less use of lower limbs than upper
limbs in daily activity in the elderly population4. However, it is
noted that the muscles of the lower limb are necessary to performre that they have no conﬂicts
ent of Physical Therapy and
55, Section 2, Li Nong Street,
tric Emergency & Critical Care Mefunctional activities in the elderly population to maintain inde-
pendent living and to participate in community activities5. There-
fore, greater attention should be directed to the effect of aging on
the muscle strength, especially the lower extremity, and functional
activities to improve the quality of life.
The loss of isometric muscle strength starts earlier in females
than in males when comparing the same muscle group6. Further-
more, according the demographic statistics, women have a longer
life expectancy but a higher rate of disability than men7. However,
the effect of gender on functional activities is not immediately
known. Therefore, for the female population, early evaluation of the
musculoskeletal system and functional abilities should be admin-
istered for possible rehabilitation to maintain quality of life.
Although muscle strength and functional performance both
decline with aging, which deteriorates earlier? Many other factors,
in addition to muscle strength, may inﬂuence functional activities
such as balance ability. The aim of this study was to investigate the
changes of muscle strength and functional activities during aging in
male and female individuals.dicine. Published by Elsevier Taiwan LLC. All rights reserved.
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Participants were recruited in Taiwan; all met the following
inclusion criteria: (1) age > 40 years; and (2) ability to walk inde-
pendently with or without a device. The exclusion criteria were: (1)
unstable medical conditions interfering with participation in the
study; and (2) a score of < 24 on the mini-mental state examina-
tion. Finally, a total of 373 male and 371 female individuals were
recruited and participated in the study.
The assessments included muscle strength and functional ac-
tivities. Each test was evaluated three times and the average was
used for data analysis. Information about age, gender, height,
weight, and medical status were obtained from patient interviews.
2.1. Muscle strength assessment
A handheld dynamometer (PowerTrack II; JTech Medical, Mid-
vale, UT, USA) was used to evaluate the muscle strength of the
dominant side. All tests done were “make” tests in which the
dynamometer was held stationary by the examiner while the
participant exerted a maximum force against it8. Three trials were
recorded with a 1-minute rest between trials and the average was
used for data analysis. The muscle groups measured were hip
ﬂexors, knee extensors, and ankle plantar ﬂexors.
The testing position for hip ﬂexors was lying with hips and
knees put on the cabinet and ﬂexed at 90 with a strap around the
pelvic region for stabilization. The dynamometer was placed over
the distal part of the anterior thigh to test the hip ﬂexors. The
testing position for knee extensors was sitting with hips and knees
ﬂexed at 90 with a strap around the pelvic region for stabilization.
The dynamometer was placed over the distal part of the lower leg
to test the knee extensors. For ankle plantar ﬂexors, the testing
position was supine with hips and knees extended. Stabilization
was provided by a strap around the distal leg region. The dyna-
mometer was placed over the sole of foot. Prior to the study, the
intrarater reliability of these muscles was established with intra-
class correlation coefﬁcients ranging from 0.93 to 0.98.
2.2. Functional activities
2.2.1. Functional reach test
The functional reach test (FRT) is a quick screening tool for
determining the fall risk of elderly people9. This test is deﬁned as
the maximal distance one can reach forward while standing in a
ﬁxed position. The FRT has good testeretest reliability with an
intraclass correlation coefﬁcient (ICC) of 0.929. It has also been re-
ported to distinguish fallers from nonfallers with a sensitivity of
0.75 and a speciﬁcity of 0.67 in frail elderly populations10.
2.2.2. Timed up and go test
The timed up and go test (TUG) is used to evaluate the basic
functional mobility. During the test, participants got up from a
chair, walked 3 m, made a 180 turn, returned, and sat down in the
chair. The time needed to accomplish the test was recorded. The
TUG has good testeretest reliability, with an ICC of 0.97 in a
community-dwelling elderly population11. Regarding the validity,
the TUG was correlated with gait speed (r ¼ 0.61), the Berg Bal-
ance Scale (r ¼ 0.81), and the Barthel Index scale (r ¼ 0.78)12.
2.2.3. Alternating stair stepping test
The alternating stair stepping test is one of the tasks in the Berg
balance test for evaluating the ability of weight shifting. Partici-
pants were asked to place each foot alternatively as fast as possible
onto a step (height: 19 cm; length: 40 cm). The time needed toaccomplish eight steps by alternating feet was recorded. The test
has good testeretest reliability, with an ICC of 0.78 in older adults13.
2.3. Statistical analysis
SPSS version 16.0 (SPSS Inc., Chicago, IL, USA) software was used
for data analysis. A KolmogoroveSmirnov test was used to
demonstrate a normal distribution of each variable and parametric
test. One-way analysis of variance and post hoc Tukey test were
used to test the effects of aging on the normal distributedmeasured
variables in male and female groups. KruskaleWallis test and
ManneWhitney U test were used to test the effects of aging on the
measured variables that are not normal distribution. Statistical
signiﬁcance was set at p < 0.05.
3. Results
Fig. 1 shows the ﬂow chart of this study. Seven hundred and
forty-four individuals (male: 373; female: 371) participated in the
study. Table 1 presents the basic information and demographic data
of all participants.
3.1. Effects of aging on muscle strength
Fig. 2 shows the maximal isometric hip ﬂexors strength in
different age groups. In the male group, the muscle strength
decreased signiﬁcantly after age 70 years as compared with age
40e49 years (p < 0.05 for the 70e79 years age group, p < 0.01 for
the 80e89 years age group). After age 80 years, the muscle strength
was signiﬁcantly less than any other younger group (p < 0.01 vs. the
50e59 years age group, p < 0.05 vs. the 60e69 years age group,
p < 0.05 vs. the 70e79 years age group). In the female group, the
decrease of muscle strength was signiﬁcant since age 70 years as
comparedwith the 40e49 years, 50e59 years, and 60e69 years age
groups (p < 0.01, p < 0.01, and p < 0.05, respectively).
Fig. 3 shows the maximal isometric knee extensors strength at
different age groups. In male group, the muscle strength decreased
signiﬁcantly after age 80 years as compared with the age groups
40e49 years, 50e59 years, and 60e69 years (p < 0.05, p < 0.01, and
p < 0.05, respectively).
In the female group, the decrease of muscle strength was sig-
niﬁcant from age 70 years as compared with the 40e49 years age
group (p < 0.01 for the 70e79 years age group, p < 0.01 for the
80e89 years age group) and the muscle strength was signiﬁcantly
decreased after age 70 years as compared with the 50e59 years age
group (p< 0.01 vs. 70e79 years, p< 0.01 vs. 80e89 years). However,
there were no signiﬁcant differences among each group in ankle
plantar ﬂexors strength (Fig. 4).
3.2. Effects of aging on functional activity
Fig. 5 shows the time needed to complete TUG test in different
age groups. In the male group, the time increased signiﬁcantly after
age 60 years as compared with age 40e49 years (p < 0.05 for the
60e69 years age group, p < 0.01 for the 70e79 years age group,
p < 0.01 for the 80e89 years age group). After age 80 years, the time
was signiﬁcantly increased than any other younger group (p < 0.01
vs. the 50e59 years age group, p < 0.01 vs. the 60e69 years age
group, p < 0.01 vs. the 70e79 years age group). In the female group,
the increase of time was signiﬁcant since age 60 years as compared
with the 40e49 years age group and the 50e59 years age group
(p < 0.01).
Fig. 6 shows the results of functional reach test at different age
groups. In the male group, the distance decreased signiﬁcantly after
age 70 years as compared with the age 40e49 years age group and
Fig. 1. The ﬂow chart of the study.
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p < 0.01 for the 80e89 years age group). In the female group, the
decrease of distance was signiﬁcant since age 60 years as compared
with the 40e49 years age group and 50e59 years age group
(p < 0.01 vs. the 40e49 years age group, p < 0.01 vs. the 50e59
years age group).
Fig. 7 shows the time needed to complete alternating stair
stepping test in different age groups. For the male group, the time
increased signiﬁcantly after age 50 years as compared with age
40e49 years (p < 0.05 for the 50e59 years age group, p < 0.01 for
the 60e69 years age group, p < 0.01 for the 70e79 years age group,
p < 0.01 for the 80e89 years age group). The time was signiﬁcantly
increased than any other younger group after age 80 years (p < 0.01
for the 50e59 years age group, p < 0.01 for the 60e69 years ageTable 1
Demographic data.
Variables
40e49 (n ¼ 211) 50e59 (n ¼ 219) 60
Male
(n ¼ 105)
Female
(n ¼ 106)
Male
(n ¼ 110)
Female
(n ¼ 109)
Male
(n ¼ 10
Age (y) 47.6 ± 1.7 48.0 ± 1.4 55.1 ± 2.6 54.5 ± 2.8 65.2 ± 2
Height (cm) 171.5 ± 6.5 157.9 ± 5.0 167.3 ± 5.6 156.6 ± 5.1 166.1 ±
Weight (kg) 71.7 ± 8.3 56.5 ± 7.5 68.7 ± 7.5 56.8 ± 7.8 67.3 ± 7
CHC (No.) 3 11 13 31 22
Data are presented as mean ± standard deviation.
CHC¼ chronic health condition, including hypertension, heart disease, diabetes, pulmonagroup, p < 0.05 for the 70e79 years age group). In the female group,
the increase of time was signiﬁcant since age 50 years as compared
with the 40e49 years age group (p < 0.05). The time was signiﬁ-
cantly more than any other younger group (p < 0.01) after age 70
years.4. Discussion
In this study, we noted that the muscle strength and functional
activities decreased during the aging process in both the male and
female population (Table 2); however, the decrease in functional
activities seems to be earlier than the decrease in muscle strength
during the aging process. We further noted that the decrease inAge groups
e69 (n ¼ 201) 70e79 (n ¼ 95) 80e89 (n ¼ 18)
1)
Female
(n ¼ 100)
Male
(n ¼ 47)
Female
(n ¼ 48)
Male
(n ¼ 10)
Female
(n ¼ 8)
.9 64.6 ± 3.0 74.6 ± 2.7 74.0 ± 3.1 83.7 ± 1.5 81.8 ± 1.0
5.1 154.1 ± 4.9 167.6 ± 6.4 151.9 ± 4.1 163.6 ± 7.7 155.3 ± 5.0
.5 58.6 ± 9.2 66.8 ± 9.5 56.9 ± 8.3 66.4 ± 9.1 68.6 ± 6.8
35 20 14 5 3
ry disease, arthritis, history of cancer, cerebral vascular accident, orthopedic disorder.
Fig. 2. Muscle strength of hip ﬂexors in different age groups of male and female in-
dividuals. *, ** p < 0.05, 0.01 versus age 40e49 years; y, z p < 0.05, p < 0.01 versus age
50e59 years; x p < 0.05 versus age 60e69 years; and ¶ p < 0.05 versus age 70e79 years.
Fig. 4. Muscle strength of ankle plantar ﬂexors in different age groups of male and
female individuals.
Fig. 5. The time needed for timed up and go test in different age groups of male and
female individuals. *, ** p < 0.05, p < 0.01 versus age 40e49 years; z p < 0.01 versus age
50e59 years; k p < 0.01 versus age 60e69 years; and ¶¶ p < 0.01 versus age 70e79
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than in male individuals.
Our results showed that muscle strength of hip ﬂexors and knee
extensors decreased with aging. Several studies noted that lower
extremity muscle strength decreases by 1e4% per year from age
approximately 50 years14e16. A previous study measured the cross-
sectional area of muscle in the mid-thigh in healthy individuals
aged 18e88 years and reported that the muscle area decreased by
aging process are starting from the 4th decade of life (at age 30
years)17. Besides, the decrease in muscle mass was parallel with the
decrease of muscle strength. In this study, we further noted that
muscle strength of women declined earlier than that of men.
Regarding the three muscle groups we examined, the strength
of hip ﬂexors was the ﬁrst to decline during the aging process in
both genders. Evidence in human and animal studies indicates the
important role of hip ﬂexors during walking18,19. Several studies
showed that declined power of this muscle was associated with
abnormal balance control and decreased gait speed in strokeFig. 3. Muscle strength of knee extensors in different age groups of male and female
individuals. *, **, p < 0.05, p < 0.01 versus age 40e49 years; z p < 0.01 versus age 50e59
years; and x p < 0.05 versus age 60e69 years.
years.
Fig. 6. The distance of functional reach in different age groups of male and female
individuals. ** p < 0.01 versus age 40e49 years; y, z p < 0.05, p < 0.01 versus age 50e59
years; and k p < 0.01 versus age 60e69 years.
Fig. 7. The time needed for alternating tests in different age groups of male and female
individuals. *, **, p < 0.05, p < 0.01 versus age 40e49 years; z p < 0.01 versus age 50e59
years; k p < 0.01 versus age 60e69 years; ¶ p < 0.05 versus age 70e79 years.
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ward progression of the stepping leg22. In addition, the hip strategy
was used to restore equilibrium in response to perturbation and to
adjust the sudden change of posture23. Therefore, the muscle
strength of the hip ﬂexors was important for balance and functional
performance. However, our results showed that the muscle
strength of hip ﬂexors declined earlier than other two muscles in
both the male and female groups. We thus suggest that the
strengthening of hip ﬂexors should be emphasized and started
early in the exercise program.
In this study, we noted the muscle strength of knee extensors
decreased earlier in the female than in the male population. In
women, this muscle strength declined signiﬁcantly from the age of
70 years, but from the age of 80 years in men. According to a
literature review, the muscle strength of knee extensors was
associatedwithmany functional activities. Our results also revealed
that the decline of functional activities with aging began earlier in
women than in men. One possible explanation for earlier decline in
knee extensors may be the number of chronic health conditions
suffered in our female participants. In female participants, there
were a total of 94 chronic health condition episodes and only 63
episodes in the male group (p ¼ 0.022). The chronic health condi-
tions such as osteoarthritis increased the prevalence of functional
limitation in female populations24. Ikezoe et al25 noted that the
antigravity muscles, such as quadriceps, are the most affected by
the inactivity. Therefore, the reduced level of functional ability may
be likely to induce the knee extensors weakness. In addition, kneeTable 2
Effects of aging on muscle strength and functional activity.
Variables 40-49 (N ¼ 211) 50e59 (n ¼ 219)
6
Male
(n ¼ 105)
Female
(n ¼ 106)
Male
(n ¼ 110)
Female
(n ¼ 109)
Male
(n ¼ 1
HF (Kg) 18.9 ± 5.4 16.1 ± 3.3 18.3 ± 5.4 15.1 ± 3.6 16.2 ±
KE (Kg) 17.1 ± 3.8 15.0 ± 4.6 18.1 ± 4.6 14.5 ± 4.0 17.4 ±
APF (Kg) 17.1 ± 5.3 14.3 ± 5.3 18.6 ± 5.1 13.0 ± 4.5 18.5 ±
TUG (second) 4.8 ± 0.9 5.8 ± 1.3 5.7 ± 1.2 6.0 ± 1.2 5.9 ±
FRT (cm) 42.6 ± 9.3 39.3 ± 6.7 41.7 ± 7.2 37.7 ± 7.2 39.8 ±
ASS (second) 5.5 ± 1.4 5.8 ± 1.2 6.0 ± 1.3 6.3 ± 1.4 6.8 ±
Abbreviation: HF, Hip ﬂexors; KE, Knee extensors; APF, Ankle plantar ﬂexors; TUG, Time
kilograms.extensors weakness is the important predict factor for falls3. Pre-
vious study conﬁrmed that women had a high risk of falls and falls-
related hospitalization than men26,27. Taken together, we suggest
that attention should be paid to the strength of knee extensors,
especially in the elderly with a chronic disease.
The isometric muscle strength of ankle plantar ﬂexors in our
study did not decrease signiﬁcantly with aging in either the male or
female groups. Jan et al28 recruited healthy participants aged from
21 years to 80 years to investigate the muscle strength of ankle
plantar ﬂexors by the one-leg heel-rise test. They found signiﬁcant
differences between sexes and among different age groups. The
difference between their study and the present study might be due
to different testing positions: one is a noneweight-bearing and the
other is a weight-bearing position. A previous study indicated that
plantar ﬂexors can produce approximately 2.7-times body weight
to withstand the ground reaction force at terminal stance phase29.
With more challenging tests, such as the one-leg heel-rise test, the
decrease in plantar ﬂexors strength can then be signiﬁcant during
the aging process. However, ankle plantar ﬂexors also play an
important role in antigravity activities, such as walking30, thus, the
weakness of ankle plantar ﬂexors should also be noted.
We recruited individuals aged 40e89 years in this study, and
noted that the functional activities deteriorated signiﬁcantly after
the age of 50 years in both the male and female groups. Although
our results showed a decline both in functional activities and
muscle strength with aging, the deterioration in functional activ-
ities seems earlier than muscle strength. Based on a previous study,
age-related degeneration of muscle strength and dynamic postural
control ability were related to reduce functional performance31. In
addition, a decrease in the quality and quantity of nerve informa-
tion demanded for effective motor control was correlated with
increasing age32. Due to many factors leading to functional degra-
dation, the deterioration in functional ability during the aging
process may thus start earlier than muscle strength, as noted in the
present study.
The decline in alternating stair stepping ability is earlier than
the other two functional tasks in both the male and female par-
ticipants. This task needs good movement control in the coronary
plane and sufﬁcient muscle strength of the lower extremity such as
hip ﬂexors and knee extensors33,34. When performing the alter-
nating stair stepping test, the standing leg must exert extension
strength to maintain standing balance and the lifting leg needs
adequate ﬂexion for stepping. It has been previously reported that
movement control in the coronary plane decreased with aging,
causing the errors of lower extremity motion and lateral foot
placement33,34. In our results, the decline of the hip ﬂexors and
knee extensors strength might result in poor control of leg move-
ment, leading to slow stepping.
There are limitations in this study including the cross-sectional
study design without studying the causeeeffect, and withoutAge groups
0e69 (n ¼ 201) 70-79 (n ¼ 95) 80-89 (n ¼ 18)
01)
Female
(n ¼ 105)
Male
(n ¼ 106)
Female
(n ¼ 110)
Male
(n ¼ 109)
Female
(n ¼ 101)
4.4 13.6 ± 3.6 16.7 ± 3.4 12.1 ± 3.3 10.9 ± 3.2 10.6 ± 4.3
4.1 13.4 ± 3.7 16.3 ± 3.6 11.7 ± 3.6 12.9 ± 5.8 10.5 ± 4.2
6.8 13.8 ± 4.7 18.0 ± 6.3 12.6 ± 5.0 12.8 ± 5.4 12.0 ± 5.6
1.2 6.9 ± 1.4 6.8 ± 1.6 8.0 ± 2.2 10.6 ± 4.7 11.6 ± 1.8
7.2 33.9 ± 5.9 36.7 ± 7.1 31.8 ± 6.1 30.8 ± 5.7 30.5 ± 7.3
2.1 7.3 ± 1.8 8.0 ± 2.1 8.6 ± 2.9 10.0 ± 3.2 10.2 ± 1.3
up and go test; FRT, Functional reach test; ASS, Alternating stair stepping test. Kg:
S.-J. Cheng et al.202recording the falls events in our participants. Besides, there are
many factors affecting the muscle strength including muscle mass,
muscle ﬁber type, length of extremity, neural reﬂex, and learning
function, which were not controlled in this study. A cohort study
with control of the possible inﬂuencing factors and with follow-up
is encouraged to elucidate the aging effects further.
5. Conclusion
The functional activities and muscle strength decrease earlier in
women than in men. Furthermore, the decrease in functional ac-
tivities seems to be earlier than the decrease in muscle strength
during the aging process. Therefore, it is important to implement
functional activities in addition to strengthening exercise to
maintain functional levels in the geriatric population.
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